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==========================

Nucleoside analogues (NAs) can rapidly inhibit the transcription of hepatitis B virus (HBV) and suppress serum HBV DNA to a very low or undetectable level, reduce hepatic inflammation, prevent the progression of liver fibrosis, and inhibit the progression of hepatocellular carcinoma. The tolerability, safety, and convenience of NAs promoted their widespread use for chronic hepatitis B (CHB) antiviral therapy. However, the development of drug resistance and the poor virological response after rescue therapy have become major limitations of NAs. These issues remain obstacles to CHB patients' long-term clinical antiviral therapies, especially when treated with low genetic barrier NAs. As a new antiviral drug for CHB, tenofovir disoproxil (TDF) has recently been recommended as the first line of anti-HBV NAs medication by domestic and international CHB prevention and treatment guidelines.\[[@ref1][@ref2][@ref3]\] At present, little is known about the efficacy and safety of TDF for CHB patients with genotypic resistance in China. Therefore, our research aimed at investigating the clinical efficacy and safety of TDF monotherapy in Chinese CHB patients with genotypic resistance, which might provide a reference for our national antiviral therapy for CHB patients.

M[ethods]{.smallcaps} {#sec1-2}
=====================

Study patients and data collection {#sec2-1}
----------------------------------

From September 2012 to September 2015, data were collected from 33 patients diagnosed with CHB and genotypic resistance who were treated at the First Affiliated Hospital, College of Medicine, Zhejiang University. The research protocol was approved by the Human Ethics Committee of the First Affiliated Hospital, College of Medicine, Zhejiang University (No. 2016-486). In accordance with "The guideline for prevention and treatment of CHB in China in 2010",\[[@ref4]\] enrollment and exclusion criteria were established, with the enrollment criteria including the following: (1) in accordance with the diagnostic criteria for CHB in China in 2010, including CHB hepatitis B e antigen \[HBeAg\]-positive and HBeAg-negative patients; (2) patients who were 18--65 years old; (3) patients who took non-TDF NAs antiviral therapy for more than 1 year and had occurrences of virological breakthrough and abnormal hepatic function; (4) patients who had genotypic resistance loci determined by the detection of HBV P-region sites; (5) patients who signed informed consent; and (6) patients who had previous therapies replaced with TDF monotherapy and received follow-up observation and monitoring of relevant indicators for every 3 months. The exclusion criteria included the following: (1) presence of hepatitis C virus infection; (2) presence of AIDS or other immunodeficiency diseases; (3) presence of autoimmune diseases; (4) alcoholism; (5) presence of renal diseases; and (6) having poor compliance to medication and outpatient follow-ups.

All the 33 patients were followed up for every 12 weeks (at day 0, the 12^th^, 24^th^, 36^th^, and 48^th^ weeks) in hospital clinic of the First Affiliated Hospital, College of Medicine, Zhejiang University. The specific workers monitored and recorded these patients' data at every follow-up point (including age, sex, history of HBV therapy, HBeAg status, HBV DNA levels, alanine aminotransferase \[ALT\] levels, serum creatinine, urinary protein, genotypic assay, clinical symptoms, and liver color ultrasound examinations; these indicators were tested by the Department of Clinical Laboratory of the First Affiliated Hospital, College of Medicine, Zhejiang University).

Therapeutic method {#sec2-2}
------------------

All patients received TDF (Gilead Sciences Inc., USA) monotherapy that included an oral 300 mg, 1 time/day for at least 48 weeks.

Statistical analysis {#sec2-3}
--------------------

Statistical analyses were carried out using rank sum test or rank correlation by SPSS 17.0 software (SPSS Inc., Chicago, IL, USA). Continuous variables were described by mean ± standard deviation or median (quartile range). Categorical variables were described by percentage. HBV DNA levels were logarithmically transformed for analysis (to analyze the data, we assigned the undetectable HBV DNA at a level of 2.00 log~10~U/ml). A *P* \< 0.05 was considered statistically significant. When we compared the data of different follow-up points, we used Bonferroni correction method to adjust the probability (*P* \< 0.005).

R[esults]{.smallcaps} {#sec1-3}
=====================

Baseline characteristics {#sec2-4}
------------------------

Among the 33 CHB patients, 21/33 (64%) were male, and the mean age was 45.1 ± 11.0 years. There were 25/33 (76%) HBeAg-positive patients and 8/33 (24%) HBeAg-negative patients. About 13/33 (39%) treatment-experienced patients had taken one kind of non-TDF NAs and 20/33 (61%) treatment-experienced patients had taken two or more kinds of non-TDF NAs. The median baseline serum ALT level was 56 (31--89) U/L and 21/33 (64%) patients had abnormal ALT levels. The median baseline HBV DNA level was 5.48 (4.49--6.57) log~10~ U/ml \[[Table 1](#T1){ref-type="table"}\].

###### 

Baseline characteristics of patients with chronic hepatitis B and genotypic resistance (*n* = 33)

  Variables                                Results
  ---------------------------------------- -------------------
  Age (years)                              45.1 ± 11.0
  Gender (male/female)                     21/12
  Treatment-experienced drugs, *n* (%)     
   LAM                                     5 (15)
   ADV                                     0
   LdT                                     6 (18)
   ETV                                     2 (6)
   Two or more kinds                       20 (61)
  Genotypic resistance loci, *n* (%)       
   1                                       8 (24)
   2                                       15 (46)
   3                                       9 (27)
   \>3                                     1 (3)
  HBeAg positive, *n* (%)                  25 (76)
  Baseline HBV DNA levels (log~10~ U/ml)   5.48 (4.49--6.57)
  Baseline ALT levels (U/L)                56 (31--89)

Values are presented as the mean ± standard deviation, median (quartile range), or percentage. LAM: Lamivudine; ADV: Adefovir dipivoxil; LdT: Telbivudine; ETV: Entecavir; HBeAg: Hepatitis B e antigen; HBV: Hepatitis B virus; ALT: Alanine aminotransferase.

Virological response {#sec2-5}
--------------------

The HBV DNA levels of all the 33 CHB patients were significantly decreased after TDF monotherapy. Statistically significant differences were observed by comparing HBV DNA levels during 48 weeks (*P* \< 0.001) \[[Figure 1](#F1){ref-type="fig"}\]. There were significant differences by comparing HBV DNA levels at day 0, with the 12^th^, 24^th^, 36^th^ and 48^th^ weeks (*Z* = 5.01, *P* \< 0.001). There were significant differences by comparing HBV DNA levels at the 12^th^ week with the 24^th^, 36^th^, and 48^th^ weeks (*Z* = 4.02, *P* \< 0.001). However, there were no significant differences by comparing HBV DNA levels at the 24^th^ week with the 36^th^ and 48^th^ weeks (*Z* = 1.83, *P* = 0.068 and *Z* = 1.83, *P* = 0.070; respectively). Moreover, there was no significant difference by comparing HBV DNA levels at the 36^th^ week with the 48^th^ week (*Z* = 1.00, *P* = 0.317). During the follow-up period, the median time of HBV DNA reaching undetectability was 24 (12--24) weeks. There was a significant correlation between the time it took to achieve undetectable HBV DNA and the number of HBV genotypic resistance loci in the 33 CHB patients (*r~s~* = 0.36, *P* = 0.040). If the patient had multiple genotypic resistance loci, it took more time to achieve undetectable HBV DNA.

![The characteristics between HBV DNA levels and TDF monotherapy time: all the 33 CHB patients' HBV DNA levels were significantly decreased after TDF monotherapy. TDF: Tenofovir disoproxil; HBV: Hepatitis B virus; CHB: Chronic hepatitis B.](CMJ-130-914-g001){#F1}

The virological response time and the baseline HBV DNA levels in the 33 CHB patients were significantly related (*r~s~* = 0.39, *P* = 0.030). Specifically, if the baseline HBV DNA levels were higher, the time it took to achieve undetectable HBV DNA was longer. On the contrary, the lower the baseline HBV DNA levels were, the earlier virological responses were reached \[[Figure 2](#F2){ref-type="fig"}\].

![The correlation between baseline HBV DNA levels and the time to reach undetectable HBV DNA levels (*n* = 33). The baseline HBV DNA levels were high, the time of HBV DNA to reach undetectable level was longer. HBV: Hepatitis B virus.](CMJ-130-914-g002){#F2}

The ratio of HBeAg negative conversion indicates the ratio of HBeAg transforms from positive to negative (including HBeAg seroclearance and seroconversion). During the follow-up period, HBeAg negative conversion was reached in 7 of the 25 (28%) patients. Among these patients, HBeAg seroclearance was reached in 4 of the 25 (16%) patients and HBeAg seroconversion was reached in 3 of the 25 (12%) patients. Among them, one patient\'s HBeAb changed from negative to positive.

Biochemical responses {#sec2-6}
---------------------

During TDF monotherapy, the rate of ALT normalization gradually increased from 12% at day 0 to 91% at the 48^th^ week. There were significant differences in the comparison of ALT levels at the 24^th^ week with the 36^th^ and 48^th^ weeks (*Z* = 3.69, *P* \< 0.001 and *Z* = 4.48, *P* \< 0.001; respectively). However, there were no significant differences in the comparison of ALT levels at day 0 with the 12^th^ and 24^th^ weeks (*Z* = 1.68, *P* = 0.092 and *Z* = 3.31, *P* = 0.010; respectively). Moreover, there was no significant difference in the comparison of ALT levels at the 36^th^ with the 48^th^ week (*Z* = 2.27, *P* = 0.023). The results showed that ALT levels decreased rapidly from 24 to 36 weeks, but decreased slowly in the first 24 weeks and after the 36^th^ weeks \[[Table 2](#T2){ref-type="table"}\].

###### 

Treatment and response characteristics of patients' HBV DNA and ALT levels (*n* = 33)

  Characteristics                                    Baseline               12^th^ week            24^th^ week            36^th^ week            48^th^ week
  -------------------------------------------------- ---------------------- ---------------------- ---------------------- ---------------------- ----------------------
  HBV DNA (log~10~ U/ml)                                                                                                                         
   Measured value                                    5.48 (4.49--6.57)      2.50 (2.00--3.35)      2.00 (2.00--2.00)      2.00 (2.00--2.00)      2.00 (2.00--2.00)
   Cumulative decreased range                        --                     2.59 (2.06--3.55)      3.41 (2.49--4.57)      3.48 (2.59--4.57)      3.48 (2.59--4.57)
  ALT                                                                                                                                            
   Measured value (U/L)                              56.00 (31.00--89.00)   45.00 (30.00--78.00)   36.00 (28.50--47.50)   33.00 (23.50--38.00)   26.00 (20.00--35.00)
   Normal, *n* (%)                                   12 (36)                15 (45)                19 (58)                28 (85)                30 (91)
   Abnormal, *n* (%)                                 21 (64)                18 (55)                14 (58)                5 (15)                 3 (9)
   Cumulative probability of recovering normal (%)   --                     14                     33                     76                     86

Values are presented as median (quartile range), or percentage. ALT: Alanine aminotransferase; HBV: Hepatitis B virus; --: Not applicable.

Adverse events {#sec2-7}
--------------

All the 33 patients achieved virological response and had no occurrence of virological breakthrough at the end of the 48^th^ week. All the 33 patients tolerated the TDF monotherapy well, and there were no clinically significant side effects such as exacerbation of symptoms or death occurred during the follow-up period; 31/33 (94%) patients showed a normal level of serum creatinine and were negative for urinary protein throughout the treatment period, 2/33 (6%) patients' serum creatinine levels increased; however, there were no significant changes in renal function confirmed by ultrasound examination.

D[iscussion]{.smallcaps} {#sec1-4}
========================

In CHB antiviral therapy, TDF shows strong efficacy and fewer adverse reactions, and it is an ideal drug for the rescue treatment of CHB patients with genotypic resistance.\[[@ref5]\] At present, there are many clinical studies of multicenter, large-scale samples of TDF here and abroad.\[[@ref6][@ref7][@ref8][@ref9][@ref10][@ref11][@ref12][@ref13][@ref14]\] Among them, TDF *in vitro* experiments showed that it had a strong antiviral capacity against both hepatotropic viruses and retroviruses, and it can inhibit the activity of HBV DNA polymerase, which had a good inhibitory effect on HBV DNA replication in wild-type HBV. *In vitro* studies of TDF treatment for HBV infection with lamivudine (LAM) and adefovir dipivoxil (ADV) resistance also showed that TDF has a good inhibitory effect on viral replication. *In vivo* researches of TDF also showed strong inhibition of HBV DNA replication in treatment-naive or treatment-experienced patients having resistance to other kinds of NAs, and to some extent, TDF can prevent the progression of hepatic fibrosis and cirrhosis. However, these studies were carried out in American and European countries where the HBV genotype of human infections is A or D type, whereas Chinese people were mostly infected by B or C type HBV. Therefore, the efficacy and safety of TDF in antiviral treatment of CHB patients have not yet been confirmed by further clinical trials in China.\[[@ref15][@ref16]\] The research analyzed the efficacy and safety of the 33 Chinese CHB patients previously treated with non-TDF NAs (including LAM, telbivudine \[LdT\], entecavir \[ETV\], and ADV monotherapy or combined therapy) after 48 weeks of treatment. During the course of antiviral therapy, these patients experienced virological breakthrough and had clearly detected genotypic resistance loci and voluntarily switched to TDF monotherapy. The results showed that TDF still had an excellent antiviral effect and safety after 48 weeks for most Chinese CHB patients who were previously treated by NAs and had genotypic resistance.

In the study, we found that there was significant correlation between the duration of undetectable HBV DNA and the number of genotypic resistance loci. The results that the more genotypic resistance loci, the longer it took to reach a complete response to the virus were similar to the current studies abroad.\[[@ref17]\] There was a positive correlation between the baseline HBV DNA levels and duration of undetectable HBV DNA. Therefore, CHB patients should detect serum HBV DNA levels regularly during antiviral therapy, and once virological breakthrough occurs, patients should have the HBV P-resistant gene region inspected as early as possible. At the same time, patients should switch to TDF rescue treatment as soon as possible to suppress HBV replication in time and achieve a virological response as early as possible. The research results show that HBV DNA levels were significantly decreased and reached undetectability at the end of the study. What is more, the therapeutic effect was achieved during 24 weeks. In our study, with the prolonged treatment duration, the range of HBV DNA levels decline was increased, and HBV DNA levels decline reached 3.48 (2.59--4.57) log~10~U/ml at the 48^th^ week; The result was essentially similar to a study by Patterson *et al*.,\[[@ref18]\] which reported that the mean range of decline of HBV DNA levels was (3.75±1.33) log~10~U/ml for CHB patients with LAM resistance who took TDF monotherapy for 48 weeks. In our study, the rate of HBV DNA undetectability rose from 37% at the 12^th^ week to 100% at the 48^th^ week, the result was similar to a study by van Bömmel *et al*.\[[@ref19]\] In TDF rescue therapy, the cumulative probability of HBV DNA undetectability gradually increased, thus TDF showed an excellent antiviral efficacy.

HBeAg negative conversion shows the process of the clearance of HBV by the immune system, and it is also an important clinical reference of achieving virological response. The research showed that the rate of HBeAg seroconversion was 12% in TDF rescue therapy after 48 weeks. However, a study abroad\[[@ref20]\] reported that the rate of HBeAg seroconversion was 21% in TDF treatment-naive CHB patients who were HBeAg positive. Our results were lower, and we consider that it may be related to our patients having been treated with NAs as well as the small size of our cohort. We further analyzed the baseline characteristics of three patients who exhibited HBeAg seroconversion, including one male and two females (34, 46, and 46 years old, respectively), with early symptoms that were less harsh. The baseline HBV DNA levels of these individuals were between 6.00 and 7.00 log~10~ U/ml and their genotypic resistance locus was 240I. The liver color Doppler ultrasound showed mild inflammation and their complete virological response times were 12, 24, and 36 weeks, respectively, with ALT being mildly increased. From the above analysis, we may speculate that the realization of HBeAg seroconversion may be related to the mild increase of ALT, being female, having nonhepatic cirrhosis, and having a low HBV DNA level. This is similar to the principles of optimization of interferon anti-HBV treatment. However, this still needs further analysis using large-scale sample data.

TDF shows not only potent inhibition of viral replication but also powerful ALT recovery capacity for CHB patients treated with NAs and having genotypic resistance. With prolonged treatment duration, the rate of ALT normalization gradually increased. The rate of ALT normalization reached 91% at the end of our study. The cumulative recovery rate of ALT in our study was 33% at the 24^th^ week, which was significantly different from 77% at the 24^th^ week in European TDF-naive treatment for CHB patients\[[@ref21]\] and is similar to the 76% observed at the 36^th^ week in our study. The reasons may be that our research patients were all experience-treated and exhibited genotypic resistance.

At present, many reports showed that TDF had no resistance in *in vivo* studies,\[[@ref2][@ref22][@ref23][@ref24]\] but some *in vitro* studies reported that the A181V/T+N236T mutation strains had decreased TDF sensitivity.\[[@ref25][@ref26]\] Koziel and Peters\[[@ref27]\] found that the V214 and Q215 mutations decreased TDF susceptibility by analyzing the related HBV resistance mutations in five kinds of NAs (including TDF). However, the patients with rtN236T and rtA181V double mutations were still sensitive to TDF in clinical practice. A number of studies\[[@ref11][@ref12][@ref13][@ref28]\] showed that no matter what is used, TDF monotherapy or combined therapy, TDF has shown an excellent clinical efficacy. Therefore, it is still unknown whether TDF resistance requires several genetic resistance loci at the same time. However, Suzuki *et al*.\[[@ref29]\] recently reported the occurrence of virological breakthrough during the long-term follow-up period after TDF plus ETV treatment of patients, suggesting that TDF rescue therapy for drug-resistant patients still need to be closely followed up. The study results, by detecting gene loci, did not show the loci that decreased TDF susceptibility. Among them, there are three patients with the 181V resistance locus. We further analyzed complete virologic response durations and they all achieved HBV DNA undetectability at the 24^th^ and 36^th^ weeks, demonstrating that the efficacy of TDF is excellent. In our study, all the 33 CHB patients achieved completely virological response after 48 weeks and no virological breakthrough or drug resistance. Our findings are consistent with those reporting no drug resistance.

The common adverse effects of taking TDF are nausea, vomiting, diarrhea, and abdominal distension. Among these, the most attention is paid to the rare renal toxicity. There were reports of severe complications such as acute tubular necrosis and Fanconi syndrome.\[[@ref29][@ref30][@ref31][@ref32][@ref33]\] However, most researches showed that TDF had excellent tolerability and safety in recent years. For treatment-naive CHB patients, studies have shown that the incidence of renal adverse events was \<2.2% after treating men with TDF for 8 years.\[[@ref34]\] For ADV treatment-experienced CHB patients who were treated with TDF monotherapy and FTC plus TDF treatment for 168 weeks, there were no patients diagnosed with renal adverse events in two groups.\[[@ref11]\] Our study showed that the tolerability and safety of TDF were excellent for CHB patients after 48 weeks in China. However, as for its long-term safety, TDF still needs further study. During the follow-up period, most of the serum creatinine levels of patients were stable or were not significantly increased after taking TDF. There were no instances of renal injuries, which was consistent with researches in other countries.

In conclusion, TDF monotherapy is an effective and safe option for CHB patients with genotypic resistance to other NAs. However, this study had several limitations: it was a single-center study, the sample size was small, and the follow-up time was short that might cause few bias in the results. It is necessary to further study the long-term efficacy of TDF and to monitor adverse reactions.
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